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A pproximately 1 million Americans are diagnosed as having Parkinson disease (PD), a progressive neurodegenerative disorder associated with considerable socioeconomic costs that are expected to rise as the population ages (Tanner & Aston, 2000) . Despite the available medical and surgical treatments, PD results in progressive disability (Shulman et al., 2008) . Individuals with PD are often referred to occupational therapy services for the restoration, maintenance, and promotion of participation in meaningful activities and roles with the goal of improving function and quality of life.
The motor manifestations of PD receive the most attention in clinical settings; however, non-motor manifestations of PD also contribute significantly to disability and reduced quality of life (Schrag, Jahanshahi, & Quinn, 2000; Weintraub, Moberg, Duda, Katz, & Stern, 2004) . For example, cognitive dysfunction is common in PD. An estimated 40% of individuals with PD develop dementia (Emre, 2003) . In addition, most (55% to 70%) individuals with PD who do not have dementia demonstrate cognitive deficits on neuropsychological tests (Green et al., 2002; Janvin, Aarsland, Larsen, & Hugdahl, 2003) . Executive dysfunction, or impairment in the cognitive processes involved in planning, performing, and regulating complex, goal-directed behavior, is the hallmark feature of cognitive impairment in PD (Emre, 2003) . Studies of individuals with PD but without demen-tia or depression reliably show impaired planning, sequencing, working memory, and set-shifting (Pillon, Boller, Levy, Dubois, & Cappa, 2001 ), all of which are important component processes of executive functioning.
Executive functions orchestrate many of our daily occupations, including instrumental activities of daily living (IADL), social interactions, and leisure pursuits. Research in other populations shows that executive dysfunction is related to limitations in these more complex activities, which, in turn, are related to reduced overall functional status and quality of life (Carlson et al., 1999; Eriksson, Kottorp, Borg, & Tham, 2009; Eriksson, Tham, & Borg, 2006; Royall, Palmer, Chiodo, & Polk, 2004) . The impact of executive dysfunction on occupational performance in PD is unclear.
Most research on daily function in PD has focused on basic activities of daily living (ADL), which rely on physical ability and procedural memory and remain relatively unaffected by executive dysfunction. One study that looked at basic ADL and IADL in PD identified selective relationships with motor and executive functioning, respectively (Cahn et al., 1998) . However, this study's inclusion of participants with possible dementia and use of the Trail Making Test Part B as an executive function measure make it difficult to separate the potential effects of global cognitive impairment and motor slowness from those of executive dysfunction. In a study that included only participants with PD without dementia, executive function was an independent predictor of health-related quality of life (Klepac, Trkulja, Relja, & Babic, 2008) . The authors hypothesized that this relationship was mediated by IADL function, but they did not assess it directly. The effect of executive dysfunction in the absence of dementia on IADL or other complex activities has not been explicitly investigated in PD.
The purpose of this study was to determine whether individuals with PD and no dementia have executive function deficits that are relevant for their participation in instrumental, social, and leisure activities. Because PD is a complex disorder with many disease-related factors that could potentially influence this relationship, we limited our sample to individuals with relatively mild disease, no dementia, and no current psychiatric diagnoses. We used a laboratory-based measure of working memory to assess executive function objectively and self-report measures to assess perceived everyday executive function and activity participation. Establishing an association between executive function and participation is a necessary step in determining the value of considering executive dysfunction in OT practice with this population.
Method Participants
Participants were 24 individuals with PD and 30 age-matched control volunteers. Participants with PD were recruited from the Movement Disorders Center at Washington University School of Medicine. Spouses of the participants with PD were preferentially recruited as controls and additional control participants were recruited from the community. Exclusionary criteria included current psychiatric disorders or history of psychosis; suspected dementia or global cognitive impairment (score of < 27 on the Mini-Mental State Examination); history of head injury, neurosurgery, or neurological condition other than PD; treatment with medications known to interfere with cognitive functioning; and biological family history of PD (control participants). Participants with PD were diagnosed as having idiopathic PD by a movement disorders specialist, were Hoehn and Yahr stage I or II (indicating relatively mild disease; Hoehn & Yahr, 1967) , and had a mean disease duration of 4.5 years (standard deviation [SD] = 2.6).
Procedure
This study was approved by the Human Research Protection Office at Washington University School of Medicine and was completed in accordance with the tenets of the Declaration of Helsinki. All participants gave written informed consent before data were collected. A movement disorders research nurse performed motor dysfunction ratings (Unified Parkinson's Disease Rating Scale Motor subscale, UPDRS; Fahn et al., 1987) on the participants with PD while they were receiving and not receiving antiparkinsonian medications and brief neurological evaluations on the control participants. Participants completed the Wechsler Test of Adult Reading (Wechsler, 2001) as an estimate of premorbid intelligence and the 15-item Geriatric Depression Scale (GDS; Yesavage et al., 1982) to rate depressive symptoms. Details for the key measures reported in this article are provided below.
Working Memory Performance: Serial Set Task. This laboratory-based task is a modified Sternberg short-term memory tasks (Oberauer, 2001 ) measure that varies the demands on maintenance and manipulation aspects of working memory. Participants viewed a series of four or five letters presented sequentially on a computer screen and were then cued to remember the letters in the presented order (maintain) or to rearrange them alphabetically (reorder). After a 10-second delay, a single letter and positionnumber probe was presented, and participants were to decide whether the letter resided in the position indicated by the number. There were four conditions in this test, representing the four combinations of set size (4, 5) and task (maintenance, manipulation), with 30 trials per condition. Accuracy (proportion correct) and verbal response times were recorded.
Reported Everyday Executive Function. The Dysexecutive Questionnaire (DEX; Burgess, Alderman, Evans, Emslie, & Wilson, 1998 ) is a 20-item questionnaire that measures self-reported frequency of dysexecutive behaviors in everyday life. Participants rate each item according to how often they experience the behavior on a 5-point scale (0 = Never and 4 = Very Often). This yields a total score of 0 to 80, with higher scores indicating worse everyday executive dysfunction. All participants completed the selfreport version of this questionnaire (self-DEX), and participants with PD were rated with an equivalent informant-report version (proxy-DEX).
Complex Activity Participation. The Activity Card Sort (ACS; Baum & Edwards, 2001 ) measures the activity patterns of older adults. It consists of 80 photographic cards depicting common complex activities that fall into four domains: instrumental activities, low physical-demand leisure activities, high physical-demand leisure activities, and social activities. In this study, participants sorted the activity cards into piles according to their perceived level of current participation. The piles were then assigned numerical values on a weighted scale: 0 = Do not do, 1 = Do now at the level I want, and 0.5 = Do less than I want. Current participation scores for each activity domain were calculated by summing the item values within that domain.
Statistical Analyses
Descriptive statistics were calculated for all variables. Parametric analyses (repeated measures general linear models, t tests) were used for group comparisons except where noted. Correlational analyses (Pearson r, hierarchical linear regression) were performed to assess within-groups relationships between variables. All statistical tests were two-tailed, and an alpha level of p < .05 was considered significant.
Results

Participant Characteristics
Characteristics of the sample are presented in the table. There were no significant group effects for gender, ethnicity, age, education, or estimated premorbid intelligence (ps > 0.43; chi-square tests were used for ethnicity and gender). The PD group reported significantly more depressive symptoms than the control group as measured by the GDS, t = -3.30; p = .002. However, no participants in either group reported depressive symptoms above the GDS screening cutoff for depressive disorder. The mean UPDRS motor score of the PD group was significantly lower (indicating better motor functioning) while receiving compared to not receiving their antiparkinsonian medications (t = -2.70, p = .01).
Group Comparisons of Executive Function and Activity Participation
We included serial set accuracy as the dependent variable in a repeated measures general linear model with set size (4, 5) and task (maintenance, manipulation) as within-subjects factors and participant group as the between-subjects factor. Overall, performance was better with four-letter lists compared with fiveletter lists, F(1, 52) = 125.60, p < .001, and there was a trend toward better performance on the maintenance compared to the manipulation task, F(1, 52) = 3.36, p = 0.07. Participants with PD performed worse than control participants across all test conditions, F(1, 52) = 5.45, p = .02. There were no interaction effects among any of the model factors (ps > 0.33), so for parsimony we averaged accuracy scores across all test conditions to calculate an overall working memory score for each participant. The resulting value (PD: M = 0.82, SD = 0.10; control: M = 0.87, SD = 0.06) was used for the correlational analyses reported below.
Although the PD group's self-and proxy-DEX scores tended to be higher (worse) than the control group's self-DEX scores, these differences were not statistically significant, most likely due to the large variance in the PD group's scores (ps > 0.13; Fig. 1 ).
The self-and proxy-DEX scores of the participants with PD were not significantly different (t = 0.21, p = .84), and they were moderately correlated with each other, r = 0.37, p = .08. The PD group reported less participation overall than the control group, F(1, 52) = 7.5, p = .008 (Fig.  2) . Comparisons of each activity domain revealed that participants with PD participated in fewer instrumental, low physical-demand leisure, and social activities compared to control participants (ps < 0.03). High physical-demand leisure participation did not differ between the groups (t = 1.58, p = .15), likely due to the low levels of participation reported in this domain overall. We summed the values from all 80 items on the ACS to obtain a total participation score, which was used for the remaining analyses. Participants with PD reported less total participation (M = 46.8, SD = 8.5) than control participants (M = 55.1, SD = 8.0; t = 2.74, p = .008).
Within-Groups Associations Between Laboratory and Everyday Executive Function and Activity Participation
To determine the relationship between objectively measured working memory and reported everyday executive function, we correlated overall working memory scores with DEX scores. Working memory performance was not significantly correlated to self-DEX ratings in either group (ps > 0.34). However, the proxy-DEX ratings of the participants with PD were significantly correlated with their working memory performance (i.e., lower working memory performance in the laboratory was associated with more proxy-observed dysexecutive behaviors in everyday life [r = -0.51; p = .01]).
To determine the relationships between executive function and activity participation, we correlated working memory and DEX scores with total ACS scores. In the PD group, working memory performance was not significantly correlated with total ACS scores (r = 0.22, p = .31). However, the PD group's self-and proxy-DEX ratings were correlated with total ACS scores (i.e., more reported everyday executive dysfunction was associated with less complex activity participation [self-DEX: r = -0.63, p = .001; proxy-DEX: r = -0.50, p = .02]). These measures did not show significant correlations in the control group (ps > 0.56).
Independent Association Between Everyday Executive Function and Activity Participation in PD
Finally, we wanted to determine the independent contribution of everyday executive dysfunction to complex activity participation in our PD group after accounting for the effects of other potential influential variables. We performed hierarchical linear regression analyses with total ACS score as the dependent variable and motor dysfunction (UPDRS motor score while not receiving medications), depressive symptoms (GDS), and DEX scores force-entered as predictors. Two separate models were tested: one with proxy-DEX scores and one with self-DEX scores entered in the final step. Motor dysfunction accounted for an initial 14% (p = .07) of the variance in total activity participation and depressive symptoms for an additional 16% (p = .04). Proxy-DEX and self-DEX scores each accounted for unique portions of the variance in total activity participation after controlling for motor dysfunction and depressive symptoms (proxy-DEX: DR 2 = 0.22, p = .007; self-DEX: DR 2 = 0.16, p = .03). Both of the overall models were significant. The model with proxy-DEX accounted for 52% of the variance in total activity participation, F(3, 20) = 7.22, p = .002 (Fig. 3A) , whereas the model with self-DEX accounted for 46% of the variance in total activity participation, F(3, 20) = 5.64, p = .006 (Fig. 3B ).
Discussion
We found that individuals with early PD and without dementia have mild executive function deficits that are associated with reduced participation in IADL and leisure and social activities. This effect exists over and above the effects of motor and psychiatric problems. Thus, executive dysfunction is relevant to occupational performance in PD.
The subtle difference in working memory performance across groups emphasizes the mild nature of disease in our participants with PD. Nonetheless, they have executive function deficits that likely interfere with their ability to participate in activities essential for independence, health, and well-being. Interestingly, motor dysfunction was the weakest predictor in our models, suggesting it does not contribute to participation restrictions as much as cognitive dysfunction and other non-motor impairments early in the course of PD.
Our findings are consistent with research in other populations (Eriksson et al., 2006; Royall et al., 2004) , but they challenge the prevailing views of PD that motor impairments interfere with daily life more than other, less obvious disease manifestations (Shulman et al., 2008) and that cognitive deficits in the absence of dementia do not significantly affect daily activities (York & Alvarez, 2008) . These views have likely resulted from an over-focus on basic ADL; however, the importance of considering the impact of PD on broader occupational and social functioning is gaining recognition in clinical research (Rahman, Griffin, Quinn, & Jahanshahi, 2008) . Our results suggest that the relationship between executive dysfunction and quality of life in early PD may not only be mediated by IADL function (Klepac et al., 2008) , but also by engagement in leisure and social activities. The consequences of mild cognitive dysfunction in PD may become more apparent as we gain a better understanding of complex activity participation in this population.
The findings reveal high variability in the everyday executive function ratings of the participants with PD. Although some individuals experienced noticeable executive problems in daily life, otherswho presumably had the same neural dysfunction and likely demonstrated some degree of executive dysfunction in the laboratory-did not seem to have as many real-world difficulties. Whether this is an effect of individual differences in cognitive compensation, level of daily cognitive challenge, or reliability of subjective reports warrants further investigation. In addition, informant ratings of everyday executive function may more accurately reflect inherent cognitive ability than self-ratings, as evidenced by their stronger association with working memory performance. This could be an effect of mild depressive tendencies in some individuals with PD caus- ing exaggerated sensitivity to problems. Our data support this interpretation, because self-reports of executive dysfunction shared more variance with depressive symptoms than did informant reports. Alternatively, impaired insight into cognitive deficits could be a direct manifestation of higher order cognitive dysfunction in PD, although empirical evidence for this is limited and inconclusive (Seltzer, Vasterling, Mathias, & Brennan, 2001 ). In either case, these findings highlight the importance of incorporating information from multiple sources to obtain the most comprehensive and accurate assessment of a person's cognitive functioning.
Executive dysfunction is a potentially overlooked factor in the management of PD. Most therapies for PD target its physical effects and do not address cognition unless more severe impairment is present. Our results suggest that individuals with subtle changes in cognition may benefit from cognitive rehabilitation strategies to support continued participation in valued activities and roles. In addition to interfering with daily occupational performance, executive dysfunction could influence the ability of clients with PD to derive the full benefit from occupational therapy interventions, particularly self-management strategies (Lowenstein & Tickle-Degnen, 2008) , which can place considerable demand on executive processes such as planning, initiation, and self-monitoring. Therefore, consideration of executive function may enhance both the outcome and process of rehabilitation for individuals with PD. This is the first study to look specifically at the potential effects of executive dysfunction in PD on participation in the broad range of complex activities that give people's lives meaning. Strengths of this study include sensitive measurement and quantification of working memory and activity participation and our conservative approach to study inclusion. Distinguishing between individuals with and without dementia is important for rehabilitation research because these individuals likely require different intervention approaches. Limitations of this study include use of a small, non-representative sample of individuals with PD and the cross-sectional design. Longitudinal investigation and path analyses with a larger and more representative cohort are necessary to confirm the current results and determine the causal nature of the relationship between executive dysfunction and participation in PD. In addition, measurement of activity performance and a broader range of executive processes (e.g., the Executive Function Performance Test; Baum et al., 2008) is an important next step in guiding the development of more comprehensive and targeted interventions for this population.
We found that executive function problems contribute significantly to decreased activity participation in individuals with mild and early PD. Although the mechanism for this relationship warrants further investigation, our results suggest the need to expand the focus of rehabilitative management for this population. Empirical investigations into the effects of occupational therapy for individuals with PD reveal only small to moderate improvements (Dixon et al., 2007; Murphy & Tickle-Degnen, 2001 ). It is possible that the beneficial effects of occupational therapy for individuals with PD could be enhanced if evaluating and addressing executive dysfunction was common practice.
